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(54) PRODUCTION OF MAGNESIUM OXIDE FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a dense MgO 
film, excellent in orienting properties and having a small 
crystal grain diameter by forming the MgO film on a 
substrate in the presence of a plasma in an atmosphere 
containing H in an excited or an ionized state. 
SOLUTION: A substrate 8 is attached to a rotatable 
substrate holder 2 installed in the upper part of a vapor 
deposition chamber 1 and a granular MgO 6 is then 
placed in a crucible 5 arranged at the bottom of the 
vapor deposition chamber 1. The interior of the chamber 
1 is subsequently evacuated to 10-5 to 10-6Torr and a 
current is then made to flow through heaters 1 1 to heat 
the substrate 8 at a prescribed temperature. An inert gas 
for generating a plasma is subsequently fed from a 
discharge gas feed port 10 of a pressure gradient type 
plasma gun 3 thereinto to regulate the internal pressure 
to 10-3 to 10-4Torr. A reactive gas is then fed from a 
feed port 9. A voltage is subsequently applied from a DC 
power source 4 across the plasma gun 3 and the crucible 
5 to thereby carry out the regulation so as to provide 100- 
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150 A discharge current. H2 gas is then introduced from the feed port 9 or 10 thereinto to converge a 
plasma stream 7 on the crucible 5. Thereby, the MgO 6 is evaporated to form the MgO film on the 
substrate 8. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing method of a magnesium oxide film, 
and the manufacturing method of the magnasiummMe thin film which was excellent in crystallinity 
useful as a protective film of a plasma display panel especially. 
[0002] 

[Description of the Prior Art] In recent years, a thin shape and since it is lightweight and suitable also for 
big screen-ization, the alternating current drive type plasma display panel (it is hereafter described as 
PDP.) attracts attention as a next-generation display which replaces a cathode-ray tube (CRT). The 
protective film is formed in order to guarantee the operation which this PDP formed the electrode for 
plane discharge on the substrate, and provided the dielectric layer on it, and also prevented degradation 
by discharge on it, and was stabilized for a long period of time (JP,4-36923,A). It makes it possible to 
obtain the operation stable for a long time since there was little degradation by the weld slag 
accompanying discharge as a material of this protective film, And since the secondary emission 
coefficient was high, MgO having the effect that discharge voltage can be made low was adopted, and 
the vacuum deposition method using electron beam cancer as a manufacturing method of a MgO film 
usually occupies the mainstream. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in this method, a MgO film with the stacking 
tendency to a single side is hard to be obtained, And the crystal grain diameter was large, while aiming 
at high-definition-izing and highly-minute-izing of the display panel, it excelled in the conditions 
currently demanded as a protective layer, i.e., a stacking tendency, and it became clear that there is a 
problem that a crystal grain diameter is small and the MgO film which satisfies the requirements of 
being precise is not obtained. Therefore, this invention is excellent in a stacking tendency, its crystal 
grain diameter is small and an object of this invention is to obtain a precise MgO film. 
[0004] 

[Means for Solving the Problem] This invention is faced forming a MgO film on a substrate with a 
vacuum deposition method under existence of plasma as said The means for solving a technical 
problem, and it is made to include a hydrogen atom of excitation or an ionization state in membrane 
formation atmosphere. 

[0005]It is preferred to use hydrogen gas or a steam which does not contain what serves as an impurity 
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to a MgO film as a supply source of a hydrogen atom of said excitation or an ionization state, in order to 
obtain a MgO film of a high grade. 

[0006] A hollow cathode electric discharge method which made an evaporation source and a plasma 
source the same as vacuum deposition, Arbitrary things, such as an electric discharge method by a 
pressure gradient type plasma gun which is the one gestalt, the RF excitation method ion plating method 
for using electron beam gun cancer for an evaporation source, and using a high frequency coil and an 
electric field for a plasma source, a method of using an ECR form ion source, and the ARE method 
using a direct-current electric field, are employable. As said vacuum deposition, it is preferred that an 
ionization rate is high, i.e., based on a pressure gradient type plasma gun with Ar of MgO ********** 
which evaporated, and an increasing degree of electrolytic dissociation of H 2 . 

[0007] A high-frequency-induction-heating type which carries out high-frequency induction heating of 
the crucible, and evaporates material in the crucible as an evaporation source, It energizes on a heater or 
a boat and arbitrary things, such as a resistance heating type which heats with Joule heat and is 
evaporated, and an electron beam type which hits an electron beam to a vapor deposition material put in 
crucible, and was heated, can be adopted. 

[0008]membrane formation is usually independent about hydrogen gas or a steam ambient pressure 
power: 10 ~ 3 - 10 _4 Torr, less than substrate temperature: ordinary temperature -400 **, and under 
conditions of discharge current: 100 - 150A - it is ~ it is carried out, carrying out specified quantity 
supply with oxygen gas. Since the optimal amount of supply of material gas (material gas for excitation 
active hydrogen generating) and oxygen gas which are made to generate a hydrogen atom (henceforth 
excitation active hydrogen) of inactive gas for plasma generations, excitation, or a free state changes 
according to capacity of the deposition chamber 1, it is difficult to set uniquely, but. For example, use Ar 
as inactive gas for plasma generating, and H 2 is used as material gas for excitation active hydrogen 

generating, When content volume of the deposition chamber 1 is made into 0.3-m 3 , it is preferred to set 
[ a flow of Ar gas ] a flow of 0.1 - lOsccm and H 2 gas to 0.1 - 30sccm for a gas mass flow of 10 - 

30sccm and 0 2 . When using a steam as material gas for excitation active hydrogen generating, it is 

preferred for a flow of a steam to set it as 0.1 - 30sccm. This is because an effect of making excitation 
active hydrogen living together will be saturated if a flow of hydrogen gas or a steam has too low 
density of excitation active hydrogen in less than 0.1 seem, sufficient effect is not acquired and the flow 
exceeds 30sccm. 
[0009] 

[Embodiment of the Invention]this invention method can be enforced using the device shown in drawing 
1, for example. The deposition chamber 1 where this device was provided with the vacuum exhaust port 
12 and the reactive gas feed hopper 9, The pivotable substrate holder 2 which is attached to the upper 
part in this deposition chamber 1, and holds the substrate 8, It consists of the crucible 5 which countered 
this substrate holder 2 and has been arranged at the pars basilaris ossis occipitalis of the deposition 
chamber 1, and the pressure gradient type plasma gun 3 attached to the side attachment wall of the 
deposition chamber 1, and the negative pole and the anode of DC power supply 4 are connected to the 
inclination type plasma gun 3 and the crucible 5, respectively. The heater 1 1 for substrate heating is 
allocated in the upper part of the substrate holder 2, and heating of the substrate 8 with which the lower 
part is equipped is enabled. Granular MgO is accommodated in the crucible 5 as the vapor deposition 
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material 6. 

[00 10] After attaching the glass boards 8 to the substrate holder 2 first and putting in granular MgO in 
the crucible 5 when forming membranes, evacuation of the inside of the deposition chamber 1 is carried 
out to 10 " 5 - 10 _6 Torr. And it energizes to the heater 11 for substrate heating, the substrate 8 is heated, 
and prescribed temperature is maintained. Subsequently, Ar gas is supplied in the deposition chamber 1 
from the discharge gas feed hopper 9 of the pressure gradient type plasma gun 3, and the internal 
pressure is adjusted to 10 " 3 - 10 _4 Torr. 0 2 gas is supplied as reactive gas from the reactive gas feed 

hopper 9 if needed. Voltage is impressed between the pressure gradient type plasma gun 3 and the 
crucible 5 by DC power supply 4, and after adjusting so that discharge current may be set to about 100 
to 150 A, hydrogen gas is introduced from the reactive gas feed hopper 9 or the discharge gas feed 
hopper 10. The plasma flow 7 is completed as crucible 5 portion in this state, the vapor deposition 
material 6 is heated, and is evaporated, and a magnesium oxide film is formed on the substrate 8. 
[001 l]In this membrane formation process, it collides with the excited atom in plasma, a molecule or an 
isolation atom, etc., and that part acquires energy, and dissociates [ it is put to plasma flow and ], and the 
molecule of the vapor deposition material which evaporated from the evaporation source will be in an 
excitation state or an ionization state. On the other hand, the hydrogen gas supplied to the evaporation 
chamber is also put to plasma flow, and the part serves as hydrogen of an excitation state or an 
ionization state, The generated excitation active hydrogen recombines with the oxygen atom which 
dissociated from magnesium oxide, it is set to H 2 0, this dissociates to a hydrogen atom and an oxygen 

atom again in response to the influence of plasma, and an oxygen atom is recombined with a magnesium 
atom. While the molecule of the vapor deposition material which came out of the evaporation source 
repeats these reactions, it collides with a substrate at high speed, and magnesium oxide is generated by 
the surface. It is surmised that a MgO film is generated carrying out migration of the magnesium oxide 
generated on the surface of the substrate to a core. Thus, since generation of the magnesium oxide film 
under existence of hydrogen differs in the energy in each generation phase, it is guessed that it is that 
from which crystallinity also differs. 

[0012]The film deposition system which is not limited only when using the film deposition system of 
the structure shown in drawing 1 , can use arbitrary devices if it can vapor-deposit under existence of 
plasma, for example, is shown in drawing 2 or drawing 3 may be used for this invention method. 
Drawing 2 is shown and the level passage type film deposition system 20 which forms membranes 
continuously on two or more substrates 8 this device, Two or more heaters 1 1 are allocated in the upper 
part in the deposition chamber 21, and the unload lock chamber 23 is connected to the downstream for 
the load lock chamber 22 which equipped the upstream (a figure right-hand side) of the direction of 
movement of the substrate 8 with the heater 1 1 again, respectively. The load lock chamber 22 and the 
unload lock chamber 23 are divided from the deposition chamber 21 by the partition valves 24 and 25, 
respectively, The partition valves 26 and 27 are formed in the substrate charging hole 28 of the load lock 
chamber 22, and the substrate extraction mouth 29 of the unload lock chamber 23, respectively. Since 
other component part is the same as the device of drawing 1, a same sign is attached about an identical 
configuration portion, and explanation is omitted. 

[0013]ln this continuation film deposition system 20, the substrate 8 attached to the substrate holder 
which is not illustrated from the substrate charging hole 28 of the load lock chamber 22 is inserted in the 
load lock chamber 22, and is preheated with the heater 1 1 here. After closing the substrate charging hole 
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28 and carrying out evacuation of the inside of the load lock chamber 22 via the exhaust port 13, the 
partition valve 24 is opened and the substrate 8 is conveyed in the deposition chamber 1. After closing 
the partition valve 24, membrane formation of a MgO film is performed like the case of the device of 
drawing 1 . After closing the partition valve 24, a new substrate is inserted in the load lock chamber 22, 
preheating is performed by the heater 11, and evacuation is performed via the exhaust port 13. The 
partition valve 25 is opened after the end of membrane formation, and the formed substrate 8 is 
conveyed in the unload lock chamber 23. After intercepting the deposition chamber 1 from the unload 
lock chamber 23 by the partition valve 25, the substrate 8 formed by opening the substrate extraction 
mouth 29 is taken out. Then, evacuation of the unload lock chamber 23 is again carried out via the 
exhaust port 14. The substrate of a next position is conveyed simultaneous or after that with the formed 
substrate 8 being conveyed in the unload lock chamber 23 in the deposition chamber 21, and membrane 
formation of a MgO film is performed. If a sheet shaped is made to transform the plasma beam 7 
crosswise [ of a substrate ] when the width of the substrate 8 is wide, a uniform film can be formed 
crosswise. 

[00 141 Drawing 3 shows the continuous system film deposition system 40 of a vertical passage type, it 
allocates the crucible 5 and the pressure gradient type plasma gun 3 in the both sides of the deposition 
chamber 41, respectively so that membranes can be simultaneously formed to the two substrates 8, and it 
has connected DC power supply among both. The communicating parts 42 and 43 of the couple which 
counters have protruded on the upper and lower sides of the center section of the deposition chamber 41, 
the load lock chamber 46 or the unload lock chamber 47 is connected to those upper beds or lower ends, 
and it is divided by the partition valves 44 and 45, respectively. It divides into the substrate charging hole 
48 of the upper bed of the load lock chamber 46, and the valve 49 is allocated, it divides into the 
substrate extraction mouth of the lower end of the unload lock chamber 47, and the valve 51 is formed. 
Since other composition is the same as the device of drawing 2 , identical codes are attached about an 
identical configuration portion, and explanation is omitted. 

[00 15] When using said device, the two substrates 8 attached to two substrate holders which are not 
illustrated, respectively, After being preheated by the load lock chamber 46 by which evacuation was 
carried out after closing the partition valve 49 of the substrate charging hole 48, the partition valve 44 is 
opened, it is conveyed in the deposition chamber 41, and a MgO film is formed there by the same 
method for film deposition as the case of the device of drawing 1 . After the end of membrane formation, 
the substrate 8 is conveyed by the unload lock chamber 47, and is taken out via the substrate extraction 
mouth 50 after that. Since evacuation processing of the switching operation of the partition valve in this 
case, conveyance operation of a substrate, the load lock chamber 46, and the unload lock chamber 47 is 
the same as the device of drawing 2 , explanation is omitted. 
[0016] 

[Example 1] After attaching a glass substrate to the substrate holder 2 and putting in granular MgO in 
the crucible 5 as a vapor deposition material using the device of drawing 1 , evacuation of the inside of 

the deposition chamber 1 is carried out to 10 6 Torr. Simultaneously with it, a glass substrate is heated at 
300 **. Next, after introducing Ar gas in the deposition chamber 1 and adjusting to 10 " 3 - 10 ~ 4 torr, 
supplying 0 2 gas by flow 5 seem as reactive gas, and impressing direct current voltage between the 

pressure gradient type plasma gun 3 and the crucible 5 - plasma discharge current - about, after 
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adjusting so that it may be set to 110A, H 2 gas is changed into 0, lsccm, 3sccm, 5sccm, and lOsccm 

from a reactive gas feed hopper, and it introduces, respectively, and the vapor deposition material 
(MgO) was heated, and was evaporated [ plasma flow was completed as crucible 5 portion, ], and the 
MgO film was formed on the substrate under the following condition. 

[0017]Discharge pressure power: 5X10 _4 Torr substrate temperature: 300 **Ar flow: 20sccmO 2 flow: 

5sccm membrane formation speed: 1000A / min average thickness: About 6000A [0018] 

[Example 2] using a steam (H 2 0) instead of hydrogen gas as material gas for excitation active hydrogen 

generating - this ~ a deposition chamber - internal division - membranes were formed under Example 

1 and the conditions except having supplied so that it might be considered as pressure and might be set 
to 1x10 - 5 Torr. 

[0019] 

[Example 3] Membranes were formed under Example 2 and the conditions except having set the flow of 

0 2 gas to 0. 

[0020] About each obtained MgO film, X-ray diffraction analysis and observation by a scanning electron 
microscope (SEM) were performed. The obtained result is shown in drawing 4 - drawing 10 . The X 
diffraction pattern about a MgO film when drawing 4 and drawing 5 set the flow of H 2 gas to 5 seem, 

and a macrostructure are shown, The X diffraction pattern about the MgO film at the time of setting the 
flow of H 2 gas to lsccm, 3 seem, and lOsccm is shown in drawing 6 , drawing 7 , and drawing 8 , 

respectively. The X diffraction pattern about the MgO film at the time of setting the flow of H 2 gas to 0 

and a macrostructure are shown in drawing 9 and drawing 10 , respectively. The result about the MgO 
film obtained in Example 2 and Example 3 using H 2 0 as material gas for excitation active hydrogen 

generating is shown in drawing 1 1 and drawing 12 . 

[0021]So that clearly from the result shown in drawing 4 and drawing 5 in this invention method. When 
the flow of H 2 gas is 5sccm, single orientation is carried out to a field (220), And to the precise MgO 

film which a crystal grain diameter is also small and was excellent in crystallinity being obtained, when 
the flow of H 2 gas is 0, by a conventional method. As shown in drawing 9 and drawing 10 , the film to 

which an orientation surface has a peak in (200) and (220) is obtained, and it turns out that the crystal 
grain diameter is also large. 

[0022]From the result shown in drawing 6 , drawing 7 , and drawing 8 , when the flow of H 2 gas is lsccm 

(111), to a field. When the flow of H 2 gas is 3sccm (220), when the flow of H 2 gas is lOsccm (200), 

single orientation is carried out to the field in the field, respectively, and it turns out that the MgO film in 
which intensity was strongly excellent at crystallinity in any case is obtained. 

[0023] When H 2 0 is used as material gas for excitation active hydrogen generating and ** also makes 
supply of 0 2 gas nothing from the result shown in drawing 11 and drawing 12, it turns out that the MgO 
film which carried out single orientation to the field (220), and was excellent in crystallinity is obtained. 
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[Translation done.] 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To produce a dense MgO 
film, excellent in orienting properties and having 
a small crystal grain diameter by forming the MgO 
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an atmosphere containing H in an excited or an 
ionized state. 
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SOLUTION: A substrate 8 is attached to a 
rotatable substrate holder 2 installed in the 
upper part of a vapor deposition chamber 1 and a 
granular MgO 6 is then placed in a crucible 5 
arranged at the bottom of the vapor deposition 
chamber 1 . The interior of the chamber 1 is 
subsequently evacuated to 10-5 to 10-6Torr and a 
current is then made to flow through heaters 11 to 
heat the substrate 8 at a prescribed temperature. 
An inert gas for generating a plasma is 
subsequently fed from a discharge gas feed port 10 
of a pressure gradient type plasma gun 3 thereinto 
to regulate the internal pressure to 10-3 to 10- 
4Torr. A reactive gas is then fed from a feed port 
9. A voltage is subsequently applied from a DC 
power source 4 across the plasma gun 3 and the 
crucible 5 to thereby carry out the regulation so 
as to provide 100-150 A discharge current. H2 gas 
is then introduced from the feed port 9 or 10 
thereinto to converge a plasma stream 7 on the 
crucible 5. Thereby, the MgO 6 is evaporated to 
form the MgO film on the substrate 8. 
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